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Conformable Gore® TAG® Thoracic 
Endoprosthesis for the treatment of 
thoracic aortic aneurysms

Although relatively uncommon, descending tho-
racic aortic aneurysms are lethal, with a natural 
history of progressive dilatation, rupture and 
death. The traditional treatment of these aneu-
rysms involves open thoracotomy and replacement 
of the aneurysmal aorta with a prosthetic graft. 
Although successful and durable, this treatment 
is potentially associated with significant morbidity 
and mortality, especially given the advanced age 
and frequent comorbidities of patients harboring 
these aneurysms [1]. Rates of spinal cord ischemia 
(SCI) as high as 13% and operative mortality of 
10% or more are reported [2], although superior 
results are found in select centers of excellence, 
including rates of SCI of 2% [3] and operative 
mortality of 5% [4]. Other potential major com-
plications include respiratory failure, myocardial 
infarction, renal failure and stroke.

Given the notable mortality and complica-
tions associated with open-repair, endovascular 
approaches to the treatment of descending tho-
racic aortic aneurysms have been developed. This 
method is known as thoracic endovascular aortic 
repair (TEVAR). The procedure involves place-
ment of a covered stent graft(s) through a periph-
eral access artery, usually in the groin, into the 
descending thoracic aorta over a guidewire under 
radiographic imaging guidance. The device is 
introduced in a collapsed state within a sheath or 
outer covering to reduce the entry profile. Once in 
position, the outer covering or sheath is retracted 
allowing the tubular stent graft to expand and 

seal against the wall of the aorta. This results in 
the exclusion of the aneurysmal portion of the 
aorta with the endograft(s) anchoring proximally 
and distally to more normal caliber aorta. This 
strategy reduces operative mortality and morbid-
ity as it avoids open thoracotomy and clamping 
of the thoracic aorta. There are currently five 
US FDA-approved thoracic endografts, with the 
Gore® TAG® (WL Gore and Associates, AZ, 
USA) endograft the first to be introduced in 1997 
as a means to repair descending thoracic aortic 
aneurysms via endovascular methods. After vari-
ous modifications, including the removal of the 
longitudinal spines used for columnar support and 
reinforcement of the expanded polytetrafluoro-
ethylene (ePTFE) material, the Gore TAG Tho-
racic Endoprosthesis was the first endovascular 
thoracic aortic stent graft approved for use by the 
FDA in the USA on 23 March 2005 (Figure 1).

The device was further modified in 2011 with 
the introduction of the third-generation Con-
formable TAG (C-TAG; WL Gore and Associ-
ates) device (Figure 2). Modifications were made 
in the new C-TAG with the goals of improv-
ing device conformability in the aortic arch 
and tortuous aortas, treating narrower diameter 
and tapered aortas, as well as resisting device 
compression.

Device specifications
As described in the instructions for use [101], the 
Gore C-TAG device is made of ePTFE, which is 
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supported by a self-expanding Nitinol stent. At 
each end of the device is an ePTFE sealing cuff 
as well as two radiopaque gold bands to assist 
with visualization and placement during fluoro-
scopy. The prosthesis is available in diameters 
from 21 to 45 mm and 10, 15 and 20 cm lengths, 
with the longer lengths available only in larger 
diameter devices. The device can accommodate 
aortic neck diameters between 16 and 42 mm, 
and a minimum seal zone length of 20 mm in 
the proximal and distal neck. In addition, two 
tapered devices are available (Table 1).

The femoral or iliac arteries are used for device 
entry in the vast majority of cases, via introducer 
sheaths measuring 18–24 F depending on the 
largest diameter device utilized. Currently, the 
most commonly utilized sheath is the Gore® Dry-
Seal Sheath (WL Gore and Associates), although 
we find the 65 cm hydrophilic Cook Flexor® 
sheath (Cook Medical, IN, USA) to be useful 
in very tortuous aortic anatomies, especially 

when proximal deployment in the aortic arch is 
required. The C-TAG device comes on a 100-cm 
delivery catheter, and is constrained in an ePTFE 
outer sleeve. This constraining sleeve is laced up 
with a cord that exits the base of the shaft of 
the delivery catheter. The graft is deployed by 
pulling this cord, which unlaces the covering 
sheath allowing the Nitinol stent to expand to 
its design diameter. Graft deployment is from 
the middle of the graft outwards towards both 
ends. This occurs rapidly, such that displace-
ment during deployment is minimal. Hemody-
namic manipulations, such as rapid ventricular 
pacing, temporary adenosine-induced asystole 
or pharmacologic lowering of blood pressure is 
unnecessary in the overwhelming majority of 
descending aneurysm cases. After deployment, 
the graft is typically balloon molded using the 
second-generation Gore Tri-Lobe Balloon Cath-
eter (WL Gore and Associates) to ensure good 
apposition to the aortic wall and, thus, promote 
sealing of the proximal and distal landing zones, 
as well as any overlap zones in the case of multiple 
devices (Figure 3).

As mentioned above, the current third-genera-
tion TAG device is called the C-TAG graft. The 
new device is designed to better conform to the 
curvature of the aortic arch. With the normal 
stiffness of traditional stent grafts, including the 
Gore TAG device, there is often difficulty appos-
ing the graft onto the aortic wall when the angu-
lation of the aortic arch is tight (Figure 4). Lack 
of apposition can result in graft collapse, espe-
cially in the setting of excessive graft  oversizing 
 (Figure 5), or type I endoleak.

Numerous modifications have been made to 
C-TAG compared with the previous-generation 
TAG device to allow this improved performance. 
The flares at the ends of the older device have 
been removed, and the ends now consist of par-
tially uncovered stents on the proximal end and 
a straight cut on the distal end. The new device 
also does not have a tendency to straighten. In 
addition, the device has an expanded oversiz-
ing window, allowing for more custom selection 
of outward radial force. The new device can be 
oversized between 6 and 33%. These features 
allow for a more tailored treatment of a variety 
of aortic pathologies, including dissection and 
trauma. The C-TAG was the first FDA-approved 
device for use in blunt aortic injury. The device is 
also available in tapered grafts, as well as smaller 
diameters to treat smaller aortas common in 
younger trauma patients. Overall, these changes 
may allow for a better seal between the graft and 
aorta, decreasing the rate of type I endoleaks. 

Figure 1. The first- (top) and second- 
(bottom) generation Gore® TAG® (wL Gore 
and Associates, AZ, UsA) devices. 
Reproduced with permission from [103].

Figure 2. Third-generation Gore® 
Conformable TAG® (wL Gore and 
Associates, AZ, UsA) device. 
Reproduced with permission from [103].
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In addition, these changes have allowed for 
the expanded use of TEVAR in patients with 
smaller and/or more tortuous aortas. Lastly, 
these changes may decrease the incidence of 
graft collapse.

Clinical data
Key clinical trials have led to the widespread 
use of the Gore device in treating descending 
thoracic aortic aneurysms. A Phase II, prospec-
tive, multicenter, pivotal trial of the original 
first-generation Gore TAG endoprosthesis was 
performed between 1999 and 2001 in 17 US 
centers and published in January 2005 [5]. The 
study followed 142 patients who were treated 
for descending thoracic aortic aneurysms. The 
trial enrolled generally lower-risk patients. For 
example, medical inclusion criteria included a 
life expectancy of greater than 2 years and assess-
ment as a surgical candidate. Examples of exclu-
sion criteria included myocardial infarction or 
stroke within 6 weeks of planned TEVAR, creat-
inine greater than 2 mg/dl and connective tissue 
disorder. All aneurysms were located between 
the left subclavian artery and celiac axis. Endo-
graft coverage of the left subclavian artery (Ishi-
maru zone 2 [6]) was allowed as part of the trial, 
although more proximal deployment to cover the 
left common carotid or innominate arteries was 
not; likewise, coverage of the celiac axis or more 
distally was not permitted. The left subclavian 
artery was revascularized in 20% of patients, all 
of whom had planned coverage of the vessel. The 
device(s) were deployed using a transfemoral 
approach in the vast majority of patients, with a 
conduit being required in 15%. The trial results 
were generally positive with 98% of patients hav-
ing the endograft(s) deployed in the intended 
location. Major adverse events within 30 days 

of surgery occurred in 32%, including stroke 
(4%), SCI (3%) and death (1.5%). There were 
no early aortic ruptures, although four patients 
suffered aneurysm-related deaths over the mean 
24-month follow-up period. In addition, 2% of 
patients required re-intervention for endoleak 
during follow-up.

The initial studies were performed with the 
first-generation TAG device that contained lon-
gitudinal columnar spines (Figure 1), which were 
prone to fracture. FDA approval was not sought 
for the first-generation device; instead, a con-
firmatory study began in 2003 comparing the 
modified second-generation device to the piv-
otal study results [7]. This confirmatory study 
enrolled 51 patients at 11 US centers, comparing 
outcomes in patients undergoing open surgical 
repair versus TEVAR with the TAG device. The 
patients were similar in demographics, comor-
bidities and aortic morphology to the patients 

Table 1. Current available sizes and configurations of the Conformable TAG® 
device.

Labeled 
diameter (mm)

Intended aortic 
diameter (mm)

Device 
length (cm)

Device 
profile (F)

oversizing 
range (%)

Bare-metal stent 
length (mm)

21 16–19.5 10 18 8–31 3

26 19.5–24 10 20 8–31 4

28 22–26 10, 15 20 8–27 4

31 24–29 10, 15 22 7–29 4

34 27–32 10, 15, 20 22 6–26 5

37 29–34 10, 15, 20 24 9–28 5

40 31–37 10, 15, 20 24 8–29 6

45 34–42 10, 15, 20 24 7–32 6.5

26 × 21 19.5–24/16–19.5† 10 20 8–33 4

31 × 26 24–29/19.5–24† 10 22 7–33 4
†Numbers are represented as proximal aortic size/distal aortic size. 
Reproduced with permission from [103].

Figure 3. Gore® Tri-Lobe Balloon. 
Reproduced with permission from [103].
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in the pivotal study. The American Society of 
Anesthesiologists score was similar between 
the surgical and TAG group, but the Society of 
Vascular Surgery risk score was higher in the 
TAG group. There was an 83% reduction in 
risk of major adverse events for the TAG-device 
group (12%) compared with the surgical-control 
group (70%) at 30-day follow-up. The rates of 
vascular complications were similar between 
the groups. There were no 30-day deaths or 
major device-related events. Overall, these 
results, along with those of the pivotal study, 
demonstrated the mid-term safety and efficacy 
of the device and led to its FDA approval for 

the treatment of aneurysms of the descending 
thoracic aorta in patients with appropriate anat-
omy (adequate iliac/femoral access, aortic inner 
diameter in the range of 23–37 mm, and ≥2 cm 
nonaneurysmal aorta proximal and distal to the 
aneurysm for device seal [102].

In February 2007, intermediate follow-up of 
the pivotal study was published [8]. The interme-
diate data from the study demonstrated decreased 
operative mortality (2.1 vs 11.7%; p = 0.004), 
SCI (3 vs 14%; p = 0.003), respiratory failure 
(4 vs 20%; p < 0.001) and renal insufficiency 
(1 vs 13%; p = 0.01) for the TAG patients com-
pared with those treated with open surgical repair. 
Overall mortality was similar in both groups at 
2 years after surgery, with three re-interventions 
in the endovascular group compared with none in 
the open-surgical group. Although the study had 
many limitations, including being nonrandom-
ized and using nonconcurrently treated historical-
control open patients as part of the comparison 
group, the study did demonstrate superior short-
term outcomes for TEVAR using the Gore TAG 
device compared with open surgical repair.

The 5-year results of the Gore TAG pivotal 
trial were published in 2008 [9]. This long-term 
follow-up of those patients treated in the Phase II 
prospective multicenter trial comparing TEVAR 
with the Gore device to open surgical repair dem-
onstrated maintained safety, efficacy and durabil-
ity of the TAG device, results which remained 
numerically superior to open repair over the 
5-year follow-up period. Aneurysm-related mor-
tality during the 5-year follow-up period was 
2.8% for the TEVAR patients versus 11.7% for 
open surgical repair (p = 0.008), although all-
cause mortality was equivalent between groups. 
Of note, this late aneurysm-related mortal-
ity difference was due entirely to the improved 
 perioperative survival in the TAG group.

At 1 year following TAG deployment, 9% 
of patients had aneurysm enlargement, 48% 
had no change in aneurysm size and 43% had 
a decrease in aneurysm diameter. There were no 
late aortic ruptures in either group. Major adverse 
events at 5 years were lower in the TEVAR group 
(58 vs 79%; p = 0.001). Endoleaks occurred in 
10.6% of TAG patients during the 5-year follow-
up, the majority of which were type Ia. The aneu-
rysm reintervention rate was 2.1% in the open-
surgical group and 3.6% in the TAG group. Late 
reinterventions in the TAG group were needed 
for spine fracture (n = 1), aortoesophageal fistula 
(n = 1) and endoleak (n = 3). Device-related issues 
included one case of migration and 20 fractures of 
the now obsolete longitudinal connecting bar on 

‘Bird’s beak’

Figure 4. ‘Bird’s beak’ caused by lack of 
apposition of second-generation TAG® 
graft to inner curve of tightly angulated 
aortic arch.

Figure 5. Collapsed second-generation 
Gore® TAG® (wL Gore and Associates, AZ, 
UsA) device placed in an angulated aortic 
arch. The device was excessively oversized 
relative to aortic diameter in addition to being 
poorly apposed to the inner curve of the arch 
postdeployment. The collapse was remedied 
using endovascular means with placement of a 
balloon-expandable bare-metal stent within the 
TAG graft to re-expand the device. The patient 
remains healthy 7 years later.
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the first-generation device, one of which required 
reintervention as mentioned above. These data 
confirmed that the early/mid-term results with 
the Gore TAG device were durable over long-term 
follow-up.

In 2008, our group reported a single-institution 
series documenting ‘real-world’ results with the 
Gore TAG device 2 years after FDA approval [10]. 
A total of 83 TEVAR procedures were performed 
with the TAG device in the initial 2 years post-
approval, 43 (52%) of which were performed for 
an on-label aneurysm indication. Primary techni-
cal success in the entire cohort of 83 patients was 
98.8%. In-hospital/30-day rates of mortality and 
stroke were 3.6% each, and permanent parapare-
sis/paraplegia occurred in 2.4% of patients. We 
have subsequently reported results with a larger 
series of on-label TEVAR use for the treatment of 
descending thoracic aneurysm in the postapproval 
era [11], which demonstrated 30 day/in-hospital 
rates of death, stroke and permanent paraplegia/
paresis of 5.1 (1.9% elective mortality), 2.5 and 
1.3%, respectively, in a total of 79 patients, 85% 
of whom were treated using the second-generation 
TAG device. Overall actuarial survival was 73% at 
55 months with an aorta-specific survival of 86%.

Newer studies have investigated the outcomes of 
the C-TAG device. The 1-year results of the Euro-
pean C-TAG Registry were presented in 2009 [12]. 
The study involved 94 patients from five European 
centers. Indications for TEVAR included aneu-
rysm (n = 50), acute symptomatic type B dissec-
tion (n = 22), intramural hematoma/penetrating 
atherosclerotic ulcer (n = 15) and traumatic tran-
section (n = 7). Landing zones included zones 0, 1 
or 2 in 57 patients. The procedure-related mortal-
ity rate was 11%. The rates of endoleak, paraple-
gia and stroke were 7, 3 and 12%, respectively. 
Retrograde type A dissection occurred in 1%. The 
primary technical success rate was 90.5%.

One of the main complications of TEVAR 
as with any device is endoleak, defined as the 
presence of persistent flow in the aneurysm sac 
despite endovascular stent graft placement (Table 2). 

Certain device characteristics may predispose to 
this complication, such as low radial force and 
insufficient conformability, particularly with the 
earlier generation devices. According to cumula-
tive data from Gore, 28.6% of patients have an 
endoleak at some point after device placement 
[103]. In patients in the initial 1999–2001 Gore 
TAG trial, 13.4% had a type 1 endoleak at some 
point postprocedure, 3% had type 2 and 3% had 
a type 3 endoleak. Other device-related com-
plications have included migration, continued 
aneurysm enlargement in the absence of visible 
endoleak, retrograde type A dissection [13], infec-
tion, device collapse (Figure 5) and aortoesophageal 
fistula (Figure 6).

Other FDA approved TEVAR devices cur-
rently on the market include the Cook Zenith® 
TX2® (Cook Medical), Bolton Relay® (Bolton 
Medical, Barcelona, Spain), Medtronic Talent® 
(Medtronic, MN, USA) and Medtronic Valiant® 
(Medtronic) endoprostheses. The Medtronic Tal-
ent device is made of self-expanding Nitinol rings 
covered by a polyester woven graft. The device 
is available in proximal and distal components, 
with the proximal devices available in diameters 
of 22–46 mm in 2 mm increments. These dis-
tal devices are tapered, with a 4 mm difference 
between the diameter of the proximal and distal 
portions. The 22–32 mm devices have a 22 F 
outer diameter; the 34–40 mm devices have a 
24 F outer diameter; and the 42–46 mm devices 
have a 25 F outer diameter. The Valiant is the 
next-generation Medtronic device. It lacks the 
longitudinal connecting bar between the proxi-
mal and distal springs in the Talent device, and 
is more flexible at its proximal portion.

The Cook Zenith TX2 device is also a 
modular system with proximal and distal com-
ponents made of woven polyester attached to 
self-expanding steel Cook-Z stents. The device 
is available in tapered and nontapered forms, and 
contains barbs at the proximal and distal ends 
of the device to assist in fixation to the aortic 
wall. The device is different from the Gore TAG 

Table 2. Classification of endoleaks.

endoleak type Description

Type 1 Inadequate seal of endograft with aorta at proximal (type 1a) or distal 
(type 1b) end

Type 2 Filling of aneurysm sac or sealed space between endograft and aorta with blood 
via retrograde flow through aortic branch vessels

Type 3 Structural defect in endograft, including hole in endograft or separation of two 
endografts at their overlap

Type 4 Stent graft porosity

Type 5 Continued aneurysm expansion without identifiable other endoleak
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and the Medtronic devices in that it requires a 
25 mm neck (as opposed to a 20 mm neck in 
the other devices). The 28–34 mm devices are 
deployed through a 20 F delivery system, while 
the 36–42 mm devices are deployed through at 
22 F delivery system.

The Bolton Relay device is composed of self-
expanding Nitinol stents on a polyester vascular 
graft. The proximal portion of each stent graft 
can come with either a bare-metal stent or cov-
ered stent configuration. The device is available 
in 22–46 mm diameters in 2 mm increments, as 
well as straight and tapered configurations, and 
offers the longest stent graft on the market (up to 
25 cm). The outer diameter of the delivery system 
ranges from 22 to 26 F.

All of these devices are approved for an aneu-
rysm indication. The Medtronic Valiant and Gore 
C-TAG are also now approved for blunt traumatic 
aortic injury. Furthermore, both C-TAG and Val-
iant have completed trials for use in acute compli-
cated type B dissection and are working towards 
FDA approval; a dissection trial is ongoing for 
the Cook Zenith dissection system. There have 
been no prospective studies comparing the various 
devices, although retrospective data from our own 
institution have not shown any meaningful dif-
ferences in short- or long-term outcomes between 
devices [14,15]. One exception to this may prove to 
be the occurrence of retrograde type A dissection, 
which did appear lower with the Gore device in 
a single-center review from our institution [13], 
although more data in larger numbers of patients 
are needed to confirm or refute this finding.

Despite the decreased operative risk of TEVAR, 
appropriate patient selection remains to be critical. 

The decreased short-term morbidity and mortal-
ity after TEVAR has led to the expanded use of 
the procedure to different patient populations, 
including the elderly and those with significant 
comorbidities, who may not have been offered 
open repair in the past. In some patients with 
limited life expectancy, the application of TEVAR 
may represent clinical futility without meaningful 
survival benefit, similar to ‘cohort C’ in transcath-
eter aortic valve replacement [16]. Our group has 
identified risk factors for 1-year mortality after 
TEVAR, including age >75 years, aortic diameter 
>6.5 cm and American Society of Anesthesiolo-
gists class 4 [14]. In patients with these character-
istics, one must carefully weigh the potential risks 
and benefits of the procedure and frankly discuss 
patient expectations and prognosis.

In addition, as described earlier, the out-
comes after open repair of descending thoracic 
aortic aneurysms at select high-volume centers 
are excellent and match or exceed the outcomes 
after TEVAR, especially over the long term. 
Therefore, particularly in younger patients (age 
<60 years), many advocate for open repair in this 
population [17]. Open repair is also the standard 
treatment for patients with connective tissue dis-
orders at most centers [18], given the poor out-
comes reported for endovascular repair in this 
population [19].

Conclusion & future perspective
Thoracic endovascular aortic repair has been 
proven to be safe and effective for the treatment 
of descending thoracic aortic aneurysms both in 
the short and long term. Most of the literature 
focuses on stent grafts placed in the descend-
ing thoracic aorta given that, until recently, this 
was the only FDA-approved indication for use. 
However, advances are being rapidly made in 
branched- and fenestrated-endograft technology 
to allow treatment of aortic pathologies encom-
passing branch vessels in both the arch and tho-
racoabdominal aorta. In addition, improvements 
in device design have facilitated treatment of non-
aneurysmal aortic pathologies, such as blunt trau-
matic aortic injury and dissection. In the future, 
these advances may allow total endovascular 
repair of ascending, arch and thoracoabdominal 
aortic aneurysms.

The future availability of smaller-profile devices 
may decrease vascular access-site-related compli-
cations. Furthermore, given the frequency with 
which the subclavian artery requires endograft 
coverage, several manufacturers plan to examine 
the safety and effectiveness of a thoracic endograft 
with a single side branch for the left subclavian 

Figure 6. Aortoesophageal fistula status 
post-thoracic endovascular aortic repair 
with the second-generation Gore® TAG® 
(wL Gore and Associates, AZ, UsA) device. 
The patient required esophageal exclusion, 
open-device removal and interposition grafting 
with an antibiotic-impregnated Dacron graft for 
repair.
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artery in the near future. Finally, with regard to 
deployment, the controlled release system currently 
available on the Gore EXCLUDER® (WL Gore 
and Associates) endovascular abdominal aortic 
aneurysm repair graft will likely be added to the 
C-TAG graft in the near future as well. This sys-
tem allows controlled expansion of the stent graft, 
as well as reconstraint and redeployment if needed, 
and should add incremental improvement for pre-
cise positioning, which is frequently required in 
the aortic arch.
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executive summary

Background
 � Traditional open surgical repair of thoracic aortic aneurysms is effective; however, it is associated with significant potential morbidity and 

mortality.
 � The development of thoracic aortic endografts in the past decade has allowed these aneurysms to be repaired via endovascular means, 

avoiding thoracotomy and its associated complications.

The Gore® Comfortable TAG® device
 � The Gore® Comfortable TAG® (C-TAG; WL Gore and Associates, AZ, USA) Thoracic Endoprosthesis is US FDA approved for the treatment 

of isolated lesions, including thoracic aortic aneurysms and blunt traumatic aortic injury.
 � This device is an endovascular stent graft made of expanded polytetrafluoroethylene supported by a self-expanding Nitinol stent.
 � The device is typically deployed into the thoracic aorta through a sheath placed in a femoral or iliac artery.
 � C-TAG is the third-generation device from WL Gore and Associates providing conformability for deployment in the aortic arch, as well as 

expanded sizing options.

Clinical efficacy
 � The results of a multicenter, prospective, Phase II trial of the Gore TAG device were first published in 2005 demonstrating encouraging 

results for short-term morbidity and mortality.
 � The 5-year results of the trial were published in 2008, which demonstrated decreased aneurysm-related mortality and major adverse 

events in the Gore TAG group compared with open surgical repair.
 � Recent multicenter, prospective, nonrandomized trials have demonstrated the safety and efficacy of the newer C-TAG device.

Other FDA-approved thoracic aortic endografts
 � Bolton Relay® (Bolton Medical, Barcelona, Spain), Cook Zenith® TX2® (Cook Medical, IN, USA), Medtronic Talent® (Medtronic, MN, USA) 

and Medtronic Valiant® (Medtronic).

Conclusion
 � The Gore TAG and C-TAG Thoracic Endoprostheses are FDA approved for the treatment of thoracic aortic aneurysms.
 � The Gore TAG device has been well studied in numerous clinical trials and real-world clinical series, and has been shown to be safe and 

effective for the treatment of thoracic aortic aneurysms. 
 � Durability of the TAG device has been proven up to greater than 5 years of clinical follow-up. 
 � These characteristics have led to the expanded use of this device for the treatment of other aortic pathologies including aortic dissection 

and blunt traumatic injury. 
 � The newer, third-generation C-TAG provides improved conformability and sizing and has demonstrated encouraging results in 

multicenter trials.
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